Abstract: Three thermoplastics -PEEK, POM, and PE-UHMW -were investigated in order to highlight the influence of surface roughness, wear regime, and contact pressure on their wear performance and to understand the role each parameter plays in the development of the wear mechanisms. The surface roughness (Ra) was modified in order to reach a high roughness value and a low roughness value. The change in contact pressures was achieved by conducting measurements at the same applied load (30 N) and at the same exerted pressure (62 MPa). The wear regime was varied by increasing the number of testing cycles. The frictional behaviour of PEEK shows a threestage development which is strongly influenced by the increase of roughness and wear regime, whereas in case of PE-UHMW and POM the frictional behaviour does not seem to be affected by these parameters. A strong correlation was observed between material's mechanical properties, wear mechanisms and frictional behaviour.
Introduction
Engineered polymers are currently expanding their applications into different tribological fields due to their high strength-to-weight ratio, ease of manufacturing, self-lubrication properties and relative low coefficient of friction (COF). The basic principle of polymer tribology parameters, governing the friction and wear properties of polymers and the correlations between tribological behaviour and other macroscopic properties of polymers have been in detail studied (Brostow et al., 2003; Myshkin et al., 2005; Brostow et al., 2010; Petrica et al., 2015) . However, there is still much to explore on this topic, since polymers are often challenged by applications involving contact with abrasive particles as counter face where roughness is an important parameter to be taken into account. As a type of engineering plastics with excellent performance, polyoxymethylene (POM) exhibits low friction coefficient, low wear rate, and good fatigue and creep resistance (Archodoulaki, 2005) . Consequently, POM has been widely used as selflubricating materials in many fields, such as engineering, automotive, bearings electronic appliances, and building materials. With the development of aviation and aerospace, as well as civilian needs, solid self-lubricating materials are being used in ultra-small systems (Ehrenstein and Pongratz, 2013) . However, pure POM is limited to be only applied under the conditions of low sliding speed and low load (Wypych, 2012) . Therefore, to enlarge the range of its application several modified POM types are also available. Polyetheretherketone (PEEK) is an engineered polymer, which has been highly studied as a tribomaterial (Knör et al., 2009; Akagaki, 2012; Elliott et al., 1998; Pei and Friedrich, 2012) . Nevertheless, the role of frictional behaviour and wear of PEEK when the surface roughness is changed is still unclear. This polymer has been used in various applications such as automotive industry and aerospace, as well as biomedical applications due to its high thermal stability and chemical resistance. Another well-studied polymer that continues to expand its tribological applicability in fields like mining, transportation, chemical engineering as well as biomedical engineering is ultra-high molecular weight polyethylene (PE-UHMW). The choice of PE-UHMW for such applications, originates in its low coefficient of friction (Briscoe and Sinha, 2002) . However, the life-time of this material is hugely decreased by the presence of high plastic deformation, fatigue and asperities formation on the surface that propagates wear (Briscoe and Sinha, 2005) .
As these polymeric materials are often engaged in applications where their wear and friction behaviour is critical to the performance of the system, it is important to have a fuller understanding of their tribological behaviour under a range of conditions. Numerous experiments have demonstrated that the topography of the material is a predominant factor in determining the magnitude of the wear rate of polymers (Bahadur, 2000; Odi-Oweiand Schipper, 1991; Franklin, 2001; . However, the mechanisms involved, in particular those concerning the interaction between the characteristics of polymer surface topography in relation with the counter-body resulting in polymer wear rate, are still unclear. The current work was carried out in order to gain a greater insight into these mechanisms.
In this study, attention was given on investigating the friction and wear behaviour when surface roughness of the polymers was varied. As literature shows (Elliott et al., 1998 , Dammak et al., 2012 Zitzenbacher et al., 2015) the wear rate of both PEEK and PE-UHMW depends highly on test configuration. Therefore, experiments were conducted using a ball on plate device, where the coefficient of friction was constantly measured during the tests. The investigated specimens were prepared with a defined high roughness regime and low roughness regime and tested against a commercial steel ball (SS440).
The role of surface roughness on wear rate and friction coefficient was previously investigated by Ovaert et.al. (1991) where the transition between low wear to high wear was measured for counter-faces with roughness range between 0.13 µm (smooth) and 0.75 µm (high). They observed that the wear morphology was changed as the surface roughness changed. In another study, the effect of surface roughness on wear of polymers such as POM, Polyamide 6.6 (PA 6.6), and PE-UHMW was investigated . The authors observed that an increase in surface roughness causes an increase in wear, this aspect being more noticeable for POM compared to PA 6.6 and PE-UHMW. The motivation of the current study was to understand the effect of the surface roughness measured on the tested polymer specimens, rather than the counter body as the most literature suggests. In this way a better simulation of the real field conditions can be achieved where the life-time of PEEK, POM and PE-UHMW can be affected by the changes induced in surface roughness.
Experimental details

Materials
The investigations were carried out on three commercial engineered polymers: polyetheretherketone (PEEK), polyoxymethylene (POM-H Delrin 1700P), and polyethylene ultra-high molecular weight (PE-UHMW GUR 1050). Polyetheretherketone (PEEK) was delivered from Ensinger GmbH, as plates with the thickness of 5 mm and used as received. This polymer has semi-crystalline structure 33.2% crystalline regions.
PE-UHMW (GUR 1050) produced by Ticona (Oberhausen, Germany), was recompressed in our lab facility, in order to make sure that any track of physical ageing that might have occurred within the bulk material due to depositing, is removed. Therefore, the samples were inserted in a compress moulding device, heated to 175 °C, compressed to a thickness of 3 mm, kept at this temperature for 5 min and then cooled with a rate of 10 K/min to the room temperature. This polymer has a semi-crystalline structure with 57.5% crystalline regions.
POM specimens were produced in our lab facility using homo-polymer (POM-H Delrin 1700P) granulate as shown schematically in Figure 1 . The granulate was heated up to 200°C with a heating rate of 10 K/min then stabilised for ten minutes at the temperature of 200°C with an applied pressure of 10 bars. Then it was cooled down to 170°C with a cooling rate of 10 K/min applying a pressure of 20 bars, followed by a cooling period until room temperature with the same cooling rate of 10 K/min and applied pressure of 50 bars. This polymer has a semi-crystalline structure with 66.05% crystalline regions. In order to highlight the influence of surface's roughness on the tribological response of these materials, the specimens were grinded and polished to a high roughness value (high R a ) and a low roughness value (low R a ). The measured average roughness is shown in Table 1 . . The roughness measurements (R a ) were obtained by scanning the surface using a 3D profilometer (Nanovea PS50) (see Figure 2) . A total amount of 12 pieces of PEEK, POM and PE-UHMW were used within this study, where six specimens were prepared with high R a and six were prepared with low R a respectively. As counter body for the tribological investigations a commercial steel ball (SS440) was used. The chemical composition of the steel is given in Table 2 . The hardness and E-modulus of the investigated materials are shown in Table 3 . 
Wear testing device
The tribological tests were performed with a ball on plate (BOP) device represented in Figure 3 in a two-body dry sliding environment. The tribometer operates according to ASTM G99-05 (2010) and has the following testing principle: a 6 mm steel ball is loaded against the tested specimen with the help of the pin support that keeps the ball in a fixed position as the specimen rotates. This creates a circular wear track with a well-defined diameter. During the tests the friction coefficient was automatically measured by the Nanovea Software. The surface temperature was monitored throughout the tests using a thermocouple which was attached to the tribometer and allowed to save the temperature values for the entire testing period. A summary of tribological conditions used for these tests is given in Table 4 . The testing parameters are chosen according to previous study (Petrica et al., 2015) for possible comparison of the results. In order to highlight the formation of wear mechanisms under different testing conditions, a low wear regime and a high wear regime was chosen. The low wear regime corresponds to approximately 7000 revolutions and the high wear regime corresponds to approximately 85000 revolutions. For statistical evaluation each test was repeated three times. 
Wear characterisation
The wear characterisation was conducted using a quantitative method based on measuring the volumetric wear loss by using the 3D profilometer (Nanovea PS50). This method uses a measuring principle called axial chromatism which has a white light source that passes through an objective lens. Therefore, by scanning the wear track a precise measurement of the area and the volume can be calculated (see Figure 4) . Additionally, information about surface topography is collected using the same measurement principle. Another employed method to characterise the wear is a qualitative method which uses Light Microscopy (LM) in order to identify the wear mechanisms. 
Contact mechanics
The average contact pressure for normal load applied within the tests was calculated according to Hertz's theory (Jean et al., 2012; Sackfield et al., 2013; Mundt, 1965) 2
where P is the average pressure, r represents the contact radius, F is the normal force, R is the effective radius and E is the effective Young's modulus. The effective radius is obtained from the equation (3):
For the current tests, R 1 represents the radius of the ball which is 3 mm and R 2 is the plane sample which is infinite. The calculated average contact pressure at 30 N applied force; and the calculated applied force for an equal contact pressure of 62 MPa for the investigated materials is given in Table 5 . 3 Results and discussions
Wear mechanisms
Two sets of tribological tests were performed. In the first set of experiments, the same applied load -30N -was exerted on all three types of polymers, resulting in different applied pressure on the contact surface (see Table 5 ). The second set of experiments was performed by equalising the contact pressure for all three polymers to a value of 62 MPa, resulting in a variation of applied load as shown in Table 5 . These two sets of tests were deliberately chosen in order to reflect the wear mechanisms developed by these three engineering polymers in real field situations -where usually the environment submits them to a specific load which exerts different pressures, -and in conditions where pressure is adjusted. Figure 5 exposes the wear mechanisms formation on the modified surface roughness in low and high wear regime when the 30 N applied load was used. The investigations were done using a light microscope (LM) with a magnification of 10x. Analysing the wear mechanisms exhibited in a low wear regime ( It seems that for PEEK and POM a high surface roughness allows a less critical wear mechanism to establish, -especially in case of PEEK were the surface is barely wornand when the surface roughness is smoother, scratches were identified for both PEEK and POM which accelerates normally the wear. For PE-UHMW a high Ra leads to formation of wear debris as a result of delamination which are eventually plastically deformed and embedded in the surface, and for a low Ra, the delamination effect is not as obvious as in case of high roughness, but the surface is exposed to high plastic deformation. If we analyse the behaviour of these materials in high wear regime, wear mechanisms seem to change their trend. Especially in case of PEEK with high Ra, pronounced marks of abrasion caused by deep scratches and fatigue cracks are observed. The wear mark is wider in case of PEEK with high Ra (Figure 5 .7) than in the case of low Ra ( Figure 5 .11), noticing that the damage is more pronounced in case of an increased roughness. On the other hand, PEEK with low Ra (Figure 5 .11) shows, much moderate abrasion marks and slightly small particles on the surface. POM follows the same trend like PEEK. With an increase in wear regime, the samples with high Ra (Figure 5 .9) show much more pronounced marks of abrasion and plastic deformation than in the case of low Ra (Figure 5 .12). PE-UHMW behaves nevertheless similar in both low and high wear regime for which in case of high Ra (Figure 5 .10) a pronounced delamination and fatigue is observed and in case of low Ra (Figure 5 .13) the most dominant mechanism is plastic deformation.
Figure 5
Wear mechanisms at 30 N in low wear regime (1-6) and high wear regime (7-13) for high roughness surface (1-3, 7-10) and low roughness surface (4-6, 11-13): (1,7) PEEK R a high; (2, 9) POM R A high; (3, 10) PE-UHMW R a high; (4, 11) PEEK R a low; (5, 12) POM R a low; (6, 13) PE-UHMW R a low (see online version for colours)
In order to have a better comparison between the three investigated polymers, the same contact pressure was used. Figure 6 exposes the wear mechanisms formation on the modified surface roughness in low and high wear regime when the same pressure is applied (62 MPa). An important observation to be made: in comparison to Figure 5 , the wear mechanisms seem to follow the same trend in development. In case of low wear regime ( Figure 6 .1-6), PEEK and POM show a pronounced wear mark for the samples with smoother roughness (low Ra), whereas for a high Ra, both materials show a smaller wear track. For PE-UHMW the same wear mechanisms are exposed, since for this polymer an applied force of 30 N results in a 62 MPa contact pressure. As we move to higher wear regime ( Figure 6 .7-13), the same change in the development of wear mechanisms -as shown in Figure 5 -can be observed. PEEK shows clearly that in high wear regime a higher roughness (Figure 6 .7) leads to more damage on the surface. It seems that the influence of Ra in case of PEEK changes the trend when the wear regime is increased. The same effect was observed also by Nunez and Polycarpou (2015) , which show that the profilometric measurements on the smooth surface (Ra less than 0.1 µm) tested in a low wear regime (10000 revolutions) lead to higher wear track than in case of rough surface (R a ~2.16 µm) where the heights of the wear track are similar to the heights of the asperities. The same can be observed also in case of POM (Figure 6 .9), where the wear marks and the scratches are more pronounced compared to a lower roughness (Figure 6 .12).
Figure 6
Wear mechanisms at 62 mpa in low wear regime (1-6) and high wear regime (7-13) for high roughness surface (1-3, 7-10) and low roughness surface (4-6, 11-13): (1, 7) PEEK R a high; (2, 9) POM R a high; (3, 10) PE-UHMW R a high; (4, 11) PEEK R a low; (5, 12) POM R a low; (6, 13) PE-UHMW R a low (see online version for colours)
The differences between the wear mechanisms formation -for PEEK, POM and PE-UHMW -originates mainly from the differences in the glass transition temperatures (T g ) between the three polymers. It is well known that when a material undergoes its glass temperature, it goes to a hard, rigid or 'glassy' state whereas when the T g is exceeded it goes to a more pliable, compliant or 'rubbery' state (Mark, 2007) . Since PEEK has a melting temperature (T m ) of 370°C and a glass transition temperature (T g ) of 145°C (Domininghaus, 2012), a more brittle behaviour promoting abrasion mechanisms is expected when tribological measurements are performed at room temperature (25°C), below its Tg accordingly. Because of that, the chain motion at temperature far below T g is more difficult (Domininghaus, 2012). Besides, the amorphous phase in PEEK has a stronger impact in determining the wear behaviour than the crystalline phase, and this due to the increased percentage in amorphous regions of about 70%. For POM the melting temperature Tm, is around 175°C and the glass transition temperature T g is around -65°C (Archodoulaki, 2005) . For PE-UHMW, the Tm is around 140°C and the glass transition temperature Tg is as always referred -120°C (Domininghaus, 2012). Therefore for these two polymers, the measurements at room temperature are situated above T g temperature, promoting the development of plastic deformations. However, similar wear mechanisms lead still to a different wear performance of POM compared to PE-UHMW, this due to different mechanical properties (see Table 3 ). Furthermore, the yield strength of PEEK (92 MPa) which is above the applied pressure and that of POM (60 MPa) which is in the range of the applied pressure encourages a brittle behaviour (Avanzini et al., 2010) . On the other hand, the yield strength of PE-UHMW (22MPa) which is below the applied pressure makes plastic deformation the dominant wear mechanism (Cai et al., 2013) . During the sliding tests, the temperature was quantified at 25 ± 2°C. Furthermore, the formation of wear mechanisms is also related to the tribological environment, which in our case is represented by the testing configuration. The interaction between a metallic ball and a polymer plate certainly produces a different set of wear mechanisms than in the case of invers testing method. It was reported a ten times higher wear rate when the polymer pins slide against the steel disks, as when the steel pins slide against the polymer plates (Stolarski, 1991) . Elliot et.al (1998) adds that when a steel ball slides against a polymer plate (PEEK) the main wear mechanisms seems to be ploughing without much loss of material whereas for an inverse pair the wear loss of the polymer increases significantly and the wear mechanisms depend strongly on the roughness of the metallic discs.
Impact of surface roughness and contact pressure on wear resistance
In Figure 7 the representation of wear as measurement of displace volume is shown in both low and high wear regime when 30 N is applied for all three polymers. The applied force exerts 162 MPa for PEEK samples, 149 MPa for POM samples and 62 MPa for PE-UHMW samples. The wear measurements seem to be in good agreement with the wear mechanisms found. In low wear regime [ Figure 7 (a)] PEEK shows clearly an increase in wear loss when the surface roughness is low which indicates that a high R a value might protect the surface under the specific conditions (low wear regime ~7,000 revolution). In case of POM the same trend can be observed, although the differences between wear loss in low and high R a is not as pronounced as in case of PEEK. For PE-UHMW specimens, the change in roughness does not seem to influence much the wear results in a low wear regime. An important fact to be noticed is that the wear loss in the low wear regime is much lower for PEEK compared to PE-UHMW. Although the pressure exerted on the PEEK surface after applying 30 N forces, is 160% higher than for PE-UHMW, this makes PEEK by far better wear resistant than PE-UHMW which comes in good agreement with the findings in the literature (Kalin et al., 2015; Geringer et al., 2011; Izamshahn et al., 2013) . As the wear regime is increased up to 85,000 revolutions [ Figure 7 (b)], the trend in wear loss is completely reversed. A higher surface roughness clearly brings more damage for samples like PEEK and POM but it seems that for PE-UHMW a lower roughness brings more damage. This clearly indicates that for PE-UHMW a pronounced plastic deformation -as found in case of samples with low R a -leads to an increase in wear loss compared to tracks of delamination as found for samples with high R a (Hecht et al., 2013) For a better comparison of the wear resistance of the three investigated polymers, the same contact pressure was used.
In Figure 8 , the representation of wear as measurement of displace volume is shown in both low and high wear regime for 62 MPa contact pressure. The pressure of 62 MPa was achieved by applying 12 N in case of PEEK, 11 N in case of POM and 30 N in case of PE-UHMW. In comparison with the results shown in Figure 7 , the influence on surface roughness on the wear results is less pronounced, and this due to the decrease in contact pressure. In low wear regime [Figure 8(a) ] the lowest wear was measured for PEEK both with high and low R a , followed by POM and PE-UHMW. In high wear regime [Figure 8(b) ] the highest wear resistance was observed in case of POM. The wear loss is almost double for PEEK with high R a compared to POM with high R a and for samples with low roughness; the wear loss is 4 times higher in case of PEEK than in case of POM. A superior result in wear resistance of POM compared to PEEK was also given by Mens et al. (1991) in their study where they conclude that a low wear occurs usually in conjunction with a low coefficient of friction as well. The wear resistance of a material depends however strongly on the test configuration and environmental conditions involved. PE-UHMW shows under the used test conditions in both high and low wear regime the lowest wear resistance among the three investigated polymers. A better comparison between the wear performances of all materials investigated under all tribological conditions proposed in this study, is given in Figure 9 . 
Friction coefficient
Experimental results on the coefficient of friction (COF) are plotted for a direct comparison between low and high wear regime, for PEEK, POM and PE-UHMW with low and high R a (see Figure 10 ). During the tribological measurements, the friction coefficient (COF) was constantly measured with a data rate of 20 Hz. As it can be seen, COF of PEEK is approximately two times higher than for PE-UHMW and POM -which have a value of about 0.1 compared to PEEK's value of 0.25. In a low wear regime [ Figure 10 (a)], PEEK with high R a shows throughout the entire testing period, a similar friction value as PE-UHMW and POM -around 0.1, whereas for PEEK with low R a, COF increases substantially throughout the testing time up to a maximal value of 0.25. In high wear regime [ Figure 10 (b)], PE-UHMW and POM seem to continue on the same low frictional behaviour which indicates that friction is not influenced in case of these two materials by changes in the surface roughness or wear regime. For PEEK however, the frictional behaviour shows a different result. Firstly, the specimens with low surface roughness, indicate an increase in friction coefficient almost from the beginning of the test compared to other tested samples, and secondly, the specimens with high surface roughness seems to develop the frictional behaviour in three stages: At the beginning of the test, COF starts with a relatively low value of 0.1 until approx. 25,000 revolutions.
Then an increase to a value up to approx. 0.28 is observed which is followed by a stabilisation of COF to a value of 0.25 until the end of the test. This behaviour might be due to gradual increase in contact area -which is observed in case of PEEK for a high roughness surfaces -that is formed by a breaking effect. Therefore, in case of an increased roughness, the contacting area is smaller at the beginning, giving a relative small COF, and throughout the testing time, the contacting area is being increased due to wearing out and breaking effects which take place and changes the tribological conditions form two-body sliding into three-body rolling. Whereas in case of PEEK with low Ra, the contact area between the investigated surface and the counter body is higher from the beginning of the test, therefore the COF also tends to have a higher value from the beginning. This affirmation was also found in literature (Greenwood and Morrell, 1958, Jackson and Morrell, 2011) . It is explained that when two surfaces are in contact and Ra decreases, the number of contact spots will increase compared to a rougher surface. Nunez et al. (2015) adds that the higher the number of contact spots on a smooth surface, the higher the real area of contact will be. As a result, higher shear traction will be needed to plow the material from the polymer surface, as seen in the higher friction coefficient and higher near contact temperature during the tests for a smooth surface (Nunez et al., 2015) . In case of PE-UHMW and POM, the theory does not apply. COF of these both materials prepared with high and low roughness was always maintained on a stable value, independent from changes in wear regime or in surface roughness.
That is because at the tested room temperature the viscoelastic effects are much higher for PE-UHMW and POM than for PEEK (Harsha, 2011) . Therefore, the contact area is well-established from the beginning, keeping the friction always at a constant low level due to a higher contact area.
PE-UHMW and PEEK under progressive wear conditions
Since the frictional behaviour forms different in case of PEEK than in case of POM and PE-UHMW, further investigations were conducted to establish a detailed wear profile for PEEK compared to PE-UHMW. For that, PEEK and PE-UHMW samples -both high and low R a -were submitted to a progressive wear conditions, where the volume loss was gradually measured after 7,000, 14,000, 28,000, 42,000, 57,000, and 85,000 revolutions respectively. Figure 11 exposes the gradual wear formation on modified surface roughness, in volume loss as function of number of revolutions. For PE-UHMW, it has been observed that up to ~20,000 revolutions the roughness does not influence wear results, both high and low R a surface samples showing similar wear values. Beyond 30,000 revolutions, the wear profile is changed, and the low R a samples start having a higher wear loss than compared to the high R a samples. The wear profile for PE-UHMW shows a slow and linear increase in wear, especially for the samples with high R a .
For PEEK the wear profile shows that up to ~30,000 revolutions, the samples with low R a have a higher wear values than the samples with high R a , and after ~30,000 revolutions the situation is reversed, a higher roughness resulting in much higher wear values that a low roughness.
This set of tests, with the specific test configuration, reveals that for both PE-UHMW and PEEK the running-in effect ends between 20,000 and 30,000 revolutions. After this value, the wear profile is better shaped and the influence of roughness is better observed. In case of PEEK, due to its brittle behaviour compared to PE-UHMW, a higher roughness seems to protect the surface in the first 20,000 testing revolutions, but shows also more damage when the wear regime is increased compared to a smoother surface.
Friction model
In order to have a better understanding, how these wear profiles develop and how the friction which is influenced by them also behaves, Figure 12 shows the schematic friction model for PEEK and PE-UHMW when the surface roughness is high. As it can be observed, for both models PEEK [ Figure 12 In the first model [ Figure 12 (a)]; the first testing phase corresponds to a small contact area between the surface and the counter-body which results into a small and constant friction value which correlates also to a relative small wear loss. In the second testing phase, breaking effects start to appear on the surface causing a rapid and sudden increase in friction value. Since the testing temperature is below the glass transition temperature T g of PEEK, the material is in a rigid glassy state, allowing these breaking effects to happen. Due to a reduction in shear strength and the increase in contact area by breaking particles, an increase in heat on the sample's surface was observed. This phenomenon was also reported elsewhere (Tadmor and Gogos, 2013; Briscoe and Sinha, 2008 ). An increase of 15°C ± 2 -which still is far below materials T g -was measured in case of PEEK samples with high R a . In the third testing phase, the tribological conditions are being changed, the system performing a three-body rolling instead of two-body sliding. This is because, braked particles are now entrapped and forced to roll creating a constant higher friction value which correlates also to a higher wear loss. The severe abrasion marks due to rolling and fatigue cracks ( Figure 5 .7) identified for PEEK with high R a in high wear regime proves that the tribological process has changed from two-to threebody conditions. In the second model [ Figure 12 (b)], the first testing phase corresponds to a contact area formation, which due to polymer's nature, is well-established form the beginning. The fact that the testing conditions use a temperature (room temperature) above the glass transition temperature T g of PE-UHMW, promotes more a plastic deformation behaviour which will not result in breaking particles like in the case of PEEK. Therefore, the frictional behaviour of PE-UHMW is kept constant to a relative low value throughout the entire testing time. The fact that the friction does not increase in time, proves the self-lubricant effect for which PE-UHMW is chosen in many industrial applications (Kurtz, 2009) .
Conclusions
Within this study on impact of surface roughness and contact pressure on the wear behaviour of PEEK, POM and PE-UHMW the main ideas can be summarised as follows: • A comparison between the wear resistance of three thermoplastic polymers with modified surface roughness submitted to a low and high wear regime by applying different loads and contact pressures in a two-body sliding system was achieved.
• The wear mechanisms found for 30 N applied load are classified according the wear regime and surface roughness as follows: 1 In low wear regime:
a For low Ra: PEEK → light abrasion and scratches; POM → light scratches and PE-UHMW → plastic deformation. b For high Ra: PEEK → unclear wear marks and light worn surface; POM → plastic deformation and PE-UHMW → wear debris; delamination and plastic deformation. 2 In high wear regime:
a For low Ra: PEEK → abrasion and scratches; POM → plastic deformation; PE-UHMW → severe plastic deformation b For low Ra: PEEK → severe abrasion, deep scratches and fatigue; POM → plastic deformation; PE-UHMW → severe delamination and fatigue.
• The wear mechanisms found for 62 MPa applied pressure follow the same trend like those found when the same load (30 N) was used.
• The wear results support the wear mechanisms found:
1 In case of PEEK in low wear regime, an increase in roughness results in less wear, whereas for a high wear regime, a high roughness clearly brings more damage. For the same contact pressure used, PEEK shows the highest wear resistance in low wear regime for both high and low R a . 2 In high wear regime, POM shows the highest wear resistance among all three polymers.
• The coefficient of friction (COF) has a relative low value (~0.1) for PE-UHMW and POM independent of wear regime or surface roughness compared to PEEK.
• The frictional behaviour of PEEK is being affected by roughness and wear regime:
1 In low wear regime, the samples with high R a exhibits COF similar to POM and PE-UHMW, whereas the samples with low R a show an increase in friction up to 0.25. 2 In high wear regime, the samples with high R a exhibits a three stage increase in friction.
• The wear behaviour of PEEK and PE-UHMW under progressive conditions shows that under this specific test configuration, the running-in effect ends between 20,000 and 30,000 revolutions. After this value, the wear profile is better shaped and the influence of roughness is better observed. In case of PEEK, due to its brittle behaviour compared to PE-UHMW, a higher roughness seems to protect the surface in the first 20,000 testing revolutions, but shows also more damage when the wear regime is increased compared to a smoother surface.
• In order to understand the correlation between the friction behaviours and wear mechanisms, a schematic frictional model was established for PEEK and PE-UHMW with high surface roughness when tested in high wear conditions.
• It seems that for materials tested above their glass transition temperature (T g ) -POM and PE-UHMW -the roughness doesn't play an important role in changing the frictional behaviour, whereas in case of materials tested below their T g such as PEEK, it does.
